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Abstract—The present paper deals with the modeling and 

control of a single sided Linear Planner Switched Reluctance 

Motor (LPSRM) with active translator and passive stator. Force 

ripple are the majors disadvantage of linear switched reluctance 

motor (LSRM), thing that can decrease his performance reduce. 

This paper investigates a new modeling method based on 

dqo transformation in linear domain for control design. The 

actuator under consideration is composed by three phases 

magnetically coupled thing that give the advantage of low cost 

fabrication without the need of permanent magnet. In order to 

control the motor open and closed loop control are detailed and 

tested, this paper reports a study of indirect force control using a 

feedback linearization with PI controller and force distribution 

function( FDF). 

Keywords—Linear switched reluctance motor; linear actuator; 

closed loop control; Force control; Force distribution function; 
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I.  INTRODUCTION  

The linear switched reluctance motor/actuator (LSRM/LSRA) 

is an interesting alternative in many industrial applications 

especially in high precision application. [3] [6].This motor is 

characterized by its simple structure and low construction cost. 

The major advantage of this actuator is the direct motion so 

canceling mechanical subsystems or rotary to linear motion 

converters thing that decrease friction and maintain problems 

and increase performance. 

     

In recent years, control of this actuator is attracting much 

attention to linear or rotary switched reluctance motors which 

have the same configuration. Due to the development of 

control theory and computer hardware many controls 

strategies are applied to LSRM in open or closed loop control 

[1],[2],[16]. 

Today, thanks to advances in power electronics and in 

computer science applications, LSRMs are used in closed loop 

control especially in robotics and in biomedical applications 

[8]. Position an speed control are detailed in [8][9] and various 

control theory are presented like PID controller in [8], sliding 

mode control in[5], fuzzy logic control in [9] but force control 

is not described extensively in literature however controlling 

force is very important because that is related to qualities of 

the positioning. 

. 

The major disadvantage of LSRM is the large force ripple , in 

fact solving this problem represent an important objective so 

in recent years, several control strategies has been proposed in 

the literatures in linear or rotary domain [12],[13],[14],[15],[ 

by using a force distribution function FDF. 

This paper intends to describe a novel method to LSRM 

modeling based on dqo transformation which is usually used 

in rotary domain for a force control design.  

The force control loop is the key of high qualities of 

positioning, so in this work just force control is presented 

which can be used with other loops like position or speed. 

 

 The objective of this paper is double. The first part consists of 

modeling the LSRM neglecting magnetic saturation based on 

dqo transformation. The second part concerns the closed loop 

speed control of the actuator by continuous excitation of all 

phases. The new force controller is based on torque controller 

of classical synchronous reluctant machines.  

Converting modeling and control from rotary to linear domain 

conduct to an optimum and easy strategy of control by using 

feedback linearization and PI controller to control the force 

and minimize ripple. 
 

II. LINEAR SWITCHED RELUCTANCE MOTOR 

CONFIGURATION AND MODELING 

The proposed actuator is a planner longitudinal linear 
switched reluctance motor with active mover composed by 
three-phases and passive stator. This configuration consists 
of 6 translator pole wich was similar to 6/4 RSRM (6 
stator and 4 rotor poles).  

LSRM is composed by two elements, the first one  is  a  
toothed magnetic material fixed to  a  support and called 
stator. The second is a sliding part on rails called the mover 
(translator). This latter is formed by different modules 
regularly distributed lodging the winding. This topology is a 
single sided LSRM with active translator and passive stator, 
figure (1).   
    If teeth of an active module are aligned with teeth of the 

mover, the other stator modules must be unaligned in order to 

create a translation force. 
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Fig. 1: Actuator configuration 

The LSRM has a highly nonlinear characteristic due to its 

nonlinear flux behaviour [10]. In order to simplify equations, 

the modelling is performed without taking into account 

magnetic saturation, phases are considered identical and end 

effect is neglected [10]. 

In reference [5],[8] modeling of the motor is based on 

electrical and mechanical equations (1) and (2) when its clear 

the dependence variable thing that can complicate the control 

design  
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1,2,3j = For the phases , ,A B C  

Where V and i designate voltage and current of phases A,B 

and C, x  the displacement, λ  the tooth pitch, 1L  and 2L  the 

minimum and the maximum inductance, v  the speed, Fc  the 

load force, m  and ξ  the mass and friction.  

A finite element analysis (2D-FEA) of the motor is done and 

the results obtained in figure (2) of inductance as function of 

displacement for different current values shows that the 

inductance shape is characterized by one minimum value 

when the mover and stator are unaligned whatever the value of 

the current. 
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Fig. 2: Inductance as function of position for different current 

values. 
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The LSRM is characterized by a non linear equation in his 

force and voltage equations. In order to simplify the model for 

control design dqo transformation is used to eliminate 

dependence variable. The novel model is based on 

wye winding connection and sinusoidal inductances 

expression  
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Fig. 3: dqo axis in LSRM 

 

The phase voltages equations of the actuator are given by  
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( )
j j

L x iφ = is flux linkages in various phases 

The actuator is characterized by magnetically coupled phases 

so the position depend inductance matrix ( )L x is described 

by: 
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s
L : The average self inductance  

m
L : The variation inductance due to air gap variation  

s
M : The average mutual inductance  

Employing mathematical transformation the novel LSRM 

model can be written indqo  reference frame as follow,  
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The model of the LSRM can be written by substituting (7) into 

(5) as follows: 
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To test the developed models and to verify the effectiveness 

of various applied controls, MATLAB/ SIMULINK was used 

as a simulation tool. 

 

A. Open loop control 

The open-loop control have the merit of simplicity and 

consequent low cost, its consists to supplying the motor 

phases in a fixed order according to the direction, so there is 

no return and no regulation possible and there is no guarantee 

that the actuator has responded to the command. 
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Fig 4: Open loop control of LSRM 
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Fig 5: Phases Currents 
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Figure 6: Displacement of the mover for 1 step 
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Figure 7: Force generated (4 steps) 

 

Figure (5) shows the simulation results of the LSRM in open 

loop control when the energizing sequence of the different 

phases is B,C then A because we assumed that initially the 

aligned teeth correspond to A phase teeth. 

The phase current, when just one phase is supplied for 1 

second in every step are shows in figure (15.a) 

The mover displacement shown in figure (15.b) for one step 

proves that the motion is characterized by great over-shoot and 

strong oscillations. The oscillations are also observed in force 

in figure (15.c)  

The force and displacement ripple are the major disadvantage 

of the LSRM open loop control so including this actuator into 

high precision application need a closed loop control by using 

controller and motion sensor. 

III. CLOSED LOOP CONTROL 

The purpose of this section is an elaboration of LSRM control 

strategy that can reduce the force ripple so facilitate his 

integration into a high precision application. 

 

A. Current command generation   

 

When only one phase of the LSRM is excited at a time, the 

force generated by the actuator is characterized by a high force 

ripple. The solution is using function that can distribute the 

force on multiple phases. The idea is that the three phase of 

the motor contribute to produce the desired force. The 

multiphase excitation helps to reduce the peak of phase’s 

currents also with minimum power dissipation. 

 This part is an optimization of the three currents value that 

can provide the desired force and which minimizes the copper 

losses. 

 

This nonlinear constrained optimization problem can be 

solved by introducing the Lagrangian which is presented as 

follow: 

 

( , ) ( ) ( )TL x f x K h xλ = +  (14) 

Where K contains the Lagrange multipliers.  

The first-order necessary conditions in this problem are: 
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As discussed in [4] the optimization problem is defined and 

solved just once in a position independent way.  
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The current controls of the three phases are: 
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B. Current controller 

 

In this part we present the current controller using a 

proportional plus integral controller based on input output 

feedback linearization [6]. The voltage equation of a phase of 

the LSRM neglecting the mutual inductance is given by: 
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The system (27) can be liberalized by defining the control 
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j

V as,  
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The new control input 
j

U  is given by a PI controller as,  
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p

K ,
i

K are the gain of PI controller 

 

 

Fig. 8: Control block diagram of LSRM   

The control block diagram shown in figure 6 illustrate the 

simplicity of the proposed control strategy where current 

command generation is determined by equation (25) and 

current control stroller is controlled by PI controller based on 

feedback linearization.  
 

IV. SIMULATION RESULTS AND DISCUSS 
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Figure 9: Curent phases 
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Figure 10: Force produced by the LSRM 
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Figure 11: Different Phases voltage 

 

 

The proposed is tested using matlab/simulik. With force load 

equalize 5N the purpose is to produce a force around this 

value with minimum ripple. 

Figure (7) shows the different current phases versus time and 

proves the efficiency of the proposed method where it’s clear 

that the force is disturbed on multiple phases. As shown in 

figure (8) force ripples also decrease because phases motor 

contribute to produce the desired force, therefore it’s clear that 

the generated force flow the load force (5N). 

 

The obtained results are characterized by a smoothed force 

behavior without strong over-shoots. 

Figure (15) shows the voltage supply of the three phase which 

that depends on the motion and the force developed by the 

motor.  

 

The proposed command strategy in this work allows a flexibly 

force control of LSRM with minimizing force ripple thing that 

proves the efficiency of the proposed control strategy. 

This control strategy can be used with other cascade control 

like velocity and position control into a height precision 

application. 

V. CONCLUSIONS 

In this paper a new method of Linear Switched Reluctance 

Motor modeling is presented. Based on dqo transformation, 

the proposed method allowed us to simplify the model and 

eliminate dependence variable for control design. The novel 

indirect force controls using a feedback linearization with PI 

controller generate smooth force and produce minimal copper 

losses which maximize motor efficiency for any desired load 

force 
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